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(57) ABSTRACT

Animage forming apparatus includes an image bearing mem-
ber, an image forming unit for forming a toner image and a
toner pattern comprising toner not to be transferred onto a
recording medium for adjustment of a density of toner on a
surface of the image bearing member, a nip forming member
contacting the surface of the image bearing member to form
a transfer nip therebetween, a transfer bias applicator for
applying a transfer bias in which an alternating current com-
ponent and a direct current component are superimposed to
transfer the toner image onto the recording medium in the
transfer nip, a first cleaning device to mechanically remove
toner remaining on the image bearing member after passing
through the transfer nip. The transfer bias applicator applies a
charge eliminating bias to remove charge from toner in the
toner pattern when the toner pattern passes through the trans-
fer nip.

27 Claims, 5 Drawing Sheets
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IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This applicationis a continuation application of U.S. appli-
cation Ser. No. 13/417,637, filed Mar. 12, 2012, which claims
priority pursuant to 35 U.S.C. §119 to Japanese Patent Appli-
cation No. 2011-061000, filed on Mar. 18, 2011 in the Japa-
nese Patent Office. The entire contents of the above-identified
applications are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Exemplary aspects of the present disclosure generally
relate to an image forming apparatus, such as a copier, a
facsimile machine, a printer, or a multi-functional system
including a combination thereof.

2. Description of the Related Art

Related-art image forming apparatuses, such as copiers,
facsimile machines, printers, or multifunction printers having
at least one of copying, printing, scanning, and facsimile
capabilities, typically form an image on a recording medium
according to image data. Thus, for example, a charger uni-
formly charges a surface of an image bearing member (which
may, for example, be a photoconductive drum); an optical
writer projects a light beam onto the charged surface of the
image bearing member to form an electrostatic latent image
on the image bearing member according to the image data; a
developing device supplies toner to the electrostatic latent
image formed on the image bearing member to render the
electrostatic latent image visible as a toner image; the toner
image is directly transferred from the image bearing member
onto a recording medium or is indirectly transferred from the
image bearing member onto a recording medium via an inter-
mediate transfer member; a cleaning device then cleans the
surface of the image carrier after the toner image is trans-
ferred from the image carrier onto the recording medium;
finally, a fixing device applies heat and pressure to the record-
ing medium bearing the unfixed toner image to fix the unfixed
toner image on the recording medium, thus forming the image
on the recording medium.

The image forming apparatus using an intermediate trans-
fer method employs a belt-type intermediate transfer member
(hereinafter referred to simply as intermediate transfer belt)
formed into an endless loop that contacts the photoconductive
drum, forming a primary transfer nip therebetween. In the
primary transfer nip, a toner image formed on the photocon-
ductive drum is transferred primarily onto the intermediate
transfer belt. This process is known as “primary transfer
process”.

A secondary transfer roller contacts the intermediate trans-
fer belt, forming a secondary transfer nip, so that the toner
image on the intermediate transfer belt is secondarily trans-
ferred onto a recording medium in a process known as “sec-
ondary transfer process”. A secondary transfer counter roller
is disposed inside the loop formed by the intermediate trans-
fer belt, facing the secondary transfer roller with the interme-
diate transfer belt interposed therebetween.

The secondary transfer counter roller disposed inside the
loop of the intermediate transfer belt is grounded; whereas,
the secondary transfer roller disposed outside the loop is
supplied with a secondary transfer bias. With this configura-
tion, a secondary transfer electric field that electrostatically
transfers the toner image from the secondary transfer counter
roller side to secondary transfer roller side is formed. The
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toner image on the intermediate transfer belt is transferred
secondarily onto a recording medium supplied to the second-
ary transfer nip in appropriate timing such that the recording
medium is aligned with the toner image formed on the inter-
mediate transfer belt.

When using a recording medium having a coarse surface
such as Japanese paper, a pattern of light and dark according
to the surface condition of the recording medium appears in
an output image. More specifically, toner is transferred poorly
to recessed portions on the surface of the recording medium.
As a result, the density of toner at the recessed portions is less
than that of projecting portions. In view of the above, in a
known image forming apparatus, a secondary bias composed
only ofa direct current voltage is not used, but a bias in which
a direct current voltage is superimposed on an alternating
current voltage is supplied, thereby preventing the pattern of
light and dark, as compared with supplying only the direct
current voltage.

In general, known image forming apparatuses produce a
test image known as a toner pattern to achieve target image
quality. For example, the toner pattern is formed on the inter-
mediate transfer belt at specific times for example, between
successive recording media sheets. Then, an optical detector
detects the toner pattern. Based on the result detected by the
optical detector, image quality control such as adjustment of
the density of the image and correction of color drift are
performed. Furthermore, the toner pattern is formed between
successive recording media sheets to replace spent toner in a
developing device with fresh toner to maintain imaging qual-
ity.

When performing the image quality control, the secondary
transfer roller is separated from the intermediate transfer belt
so that the toner pattern formed on the intermediate transfer
belt is not transferred onto a recording medium. Instead, the
toner pattern is removed by a cleaning device, for example, a
cleaning blade.

The cleaning device needs to adequately remove toner of
the toner pattern from the intermediate transfer belt. Other-
wise, the toner remaining on the intermediate transfer belt
may stick to a successive recording medium. However, when
a large amount of toner is adhered to the toner pattern on the
intermediate transfer belt, it is difficult to remove the toner
from the intermediate transfer belt thoroughly.

Similarly, in an image forming apparatus using a direct
transfer method in which the toner image is directly trans-
ferred from the photoconductive drum to a recording
medium, the toner in the toner pattern formed on the photo-
conductive drum may not be removed thoroughly.

Inview of the above, there is demand for an image forming
apparatus that is capable of adequately removing a toner
pattern.

BRIEF SUMMARY

In view of the foregoing, in an aspect of this disclosure, an
image forming apparatus includes an image bearing member,
an image forming unit, a nip forming member, a transfer bias
applicator, and a first cleaning device. The image bearing
member bears a toner image and a toner pattern which com-
prises toner not to be transferred onto a recording medium for
adjustment of a density of toner on an image bearing surface
of the image bearing member. The image forming unit is
disposed opposite the image bearing member, to form the
toner image and the toner pattern on the image bearing sur-
face of the image bearing member. The toner pattern is
formed on the image bearing member at predetermined tim-
ing. The nip forming member contacts the image bearing
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surface of the image bearing member to form a transfer nip
therebetween. The transfer bias applicator supplies a transfer
bias in which an alternating current component and a direct
current component are superimposed to transfer the toner
image onto a recording medium in the transfer nip. The trans-
fer bias applicator supplies a charge eliminating bias to
remove charge from toner in the toner pattern when the toner
pattern passes through the transfer nip. The first cleaning
device mechanically removes toner remaining on the image
bearing member after passing through the transfer nip.

The aforementioned and other aspects, features and advan-
tages would be more fully apparent from the following
detailed description of illustrative embodiments, the accom-
panying drawings and the associated claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A more complete appreciation of the disclosure and many
of the attendant advantages thereof will be more readily
obtained as the same becomes better understood by reference
to the following detailed description of illustrative embodi-
ments when considered in connection with the accompanying
drawings, wherein:

FIG. 1 is a schematic diagram illustrating a printer as an
example of an image forming apparatus, according to an
illustrative embodiment of the present invention;

FIG. 2 is a schematic diagram illustrating an image form-
ing unit for black as an example of image forming units
employed in the image forming apparatus of FIG. 1;

FIG. 3A is a schematic diagram illustrating a secondary-
transfer rear roller supplied with a direct current (DC) voltage
in the image forming apparatus;

FIG. 3B is a schematic diagram illustrating the secondary-
transfer rear roller supplied with an alternating current (AC)
voltage superimposed on a direct current voltage;

FIG. 3C is a schematic diagram illustrating the secondary-
transfer rear roller supplied with an alternating current (AC)
voltage;

FIG. 4 is a waveform chart showing a waveform of a
secondary transfer bias composed of a superimposed bias
output from a secondary transfer bias power source in the
image forming apparatus;

FIG. 5 is a schematic diagram illustrating gradation pat-
terns formed on an intermediate transfer belt and optical
detectors;

FIG. 6 is an enlarged diagram schematically illustrating a
line pattern group known as Chevron patches formed on the
intermediate transfer belt;

FIG. 7 is a chart showing changes in a voltage when a toner
pattern passes through a secondary transfer nip, and when an
image to be transferred to a recording medium passes through
the secondary transfer nip;

FIG. 8 is an enlarged diagram schematically illustrating a
nip forming roller provided with a cleaning blade;

FIG. 9 is a schematic diagram illustrating an image form-
ing apparatus according to another illustrative embodiment of
the present invention; and

FIG. 10 is a schematic diagram illustrating an image form-
ing apparatus according to still another illustrative embodi-
ment of the present invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

A description is now given of illustrative embodiments of
the present application. It should be noted that although such
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terms as first, second, etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, it should be understood that such elements, compo-
nents, regions, layers and/or sections are not limited thereby
because such terms are relative, that is, used only to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, for example, a first
element, component, region, layer or section discussed below
could be termed a second element, component, region, layer
or section without departing from the teachings of this dis-
closure.

In addition, it should be noted that the terminology used
herein is for the purpose of describing particular embodi-
ments only and is not intended to be limiting of this disclo-
sure. Thus, for example, as used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. More-
over, the terms “includes” and/or “including”, when used in
this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

In describing illustrative embodiments illustrated in the
drawings, specific terminology is employed for the sake of
clarity. However, the disclosure of this patent specification is
not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element
includes all technical equivalents that operate in a similar
manner and achieve a similar result.

In a later-described comparative example, illustrative
embodiment, and alternative example, for the sake of sim-
plicity, the same reference numerals will be given to constitu-
ent elements such as parts and materials having the same
functions, and redundant descriptions thereof omitted.

Typically, but not necessarily, paper is the medium from
which is made a sheet on which an image is to be formed. It
should be noted, however, that other printable media are
available in sheet form, and accordingly their use here is
included. Thus, solely for simplicity, although this Detailed
Description section refers to paper, sheets thereof, paper
feeder, etc., it should be understood that the sheets, etc., are
not limited only to paper, but includes other printable media
as well.

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts through-
out the several views, and initially with reference to FIG. 1, a
description is provided of an image forming apparatus
according to an aspect of this disclosure.

FIG. 1is a schematic diagram illustrating a color printer as
an example of the image forming apparatus according to an
illustrative embodiment of the present invention. As illus-
trated in FIG. 1, the image forming apparatus includes four
image forming units 1Y, 1M, 1C, and 1K for forming toner
images, one for each of the colors yellow, magenta, cyan, and
black, respectively, a transfer unit 30, an optical writing unit
80, a fixing device 90, a sheet cassette 100, and a pair of
registration rollers 101. The order of image forming units 1Y,
1M, 1C, and 1K is not limited to this order.

It is to be noted that the suffixes Y, M, C, and K denote
colors yellow, magenta, cyan, and black, respectively. To
simplify the description, these suffixes Y, M, C, and K indi-
cating colors are omitted herein, unless otherwise specified.

The optical writing unit 80 is disposed substantially above
the image forming units 1Y, 1M, 1C, and 1K. The sheet
cassette 100 is disposed at the bottom of the image forming
apparatus. The fixing device 90 is disposed downstream from
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the transfer unit 30 in the direction of transport of the record-
ing medium indicated by a hollow arrow.

The image forming units 1Y, 1M, 1C, and 1K all have the
same configuration as all the others, differing only in the color
of toner employed. Thus, a description is provided of the
image forming unit 1K for forming a toner image of black as
a representative example of the image forming units 1. The
image forming units 1Y, 1M, 1C, and 1K are replaced upon
reaching their product life cycles.

With reference to FIG. 2, a description is provided of the
image forming unit 1K as an example of the image forming
units 1. FIG. 2 is a schematic diagram illustrating the image
forming unit 1K. A photoconductive drum 2K serving as a
latent image bearing member is surrounded by various pieces
of'imaging equipment, such as a charging device 6K, a devel-
oping device 8K, a drum cleaner 3K, and a charge neutraliz-
ing device (not illustrated). These devices are held by a com-
mon holder so that they are detachably attachable and
replaced at the same time.

The photoconductive drum 2K comprises a drum-shaped
base on which an organic photoconductive layer is disposed,
with the external diameter of approximately 60 mm. The
photoconductive drum 2K is rotated in a clockwise direction
by a driving device. The charging device 6K includes a charg-
ing roller 7K supplied with a charging bias. The charging
roller 7K contacts or approaches the photoconductive drum
2K to generate an electrical discharge therebetween, thereby
charging uniformly the surface of the photoconductive drum
2K.

According to an illustrative embodiment, the photocon-
ductive drum 2K is uniformly charged with a negative polar-
ity which is the same charging polarity as toner. As the charg-
ing bias, an alternating current voltage superimposed on a
direct current voltage is employed. The charging roller 7K
comprises a metal cored bar coated with a conductive elastic
layer made of a conductive elastic material. According to the
present embodiment, the photoconductive drum 2K is
charged by the charging roller 7K contacting the photocon-
ductive drum 2K or disposed near the photoconductive drum
2K. Alternatively, a corona charger may be employed.

The uniformly charged surface of the photoconductive
drum 2K is scanned by a light beam projected from the optical
writing unit 80, thereby forming an electrostatic latent image
for black on the surface of the photoconductive drum 2K. The
electrostatic latent image for black on the photoconductive
drum 2K is developed with black toner by the developing
device 8K. Accordingly, a visible image, also known as a
toner image, of black, is formed. As will be described later,
the toner image is transferred primarily onto an intermediate
transfer belt 31.

The drum cleaner 3K removes residual toner remaining on
the photoconductive drum 2K after the primary transfer pro-
cess, that is, after the photoconductive drum 2K passes
through a primary transfer nip between the intermediate
transfer belt 31 and the photoconductive drum 2K. The drum
cleaner 3K includes a brush roller 4K and a cleaning blade
5K. The cleaning blade 5K is cantilevered, that is, one end of
the cleaning blade is fixed to the housing of the drum cleaner
3K, and its free end contacts the surface of the photoconduc-
tive drum 2K.

The brush roller 4K rotates and brushes off the residual
toner from the surface of the photoconductive drum 2K while
the cleaning blade 5K removes the residual toner by scraping.
Itis to be noted that the cantilevered side of the cleaning blade
5K is positioned downstream from its free end contacting the
photoconductive drum 2K in the direction of rotation of the
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photoconductive drum 2K so that the free end of the cleaning
blade 5K faces or becomes counter to the direction of rota-
tion.

The charge neutralizer removes residual charge remaining

on the photoconductive drum 2K after the surface thereof is
cleaned by the drum cleaner 3K in preparation for the subse-
quent imaging cycle. The surface of the photoconductive
drum 2K is initialized.
The developing device 8K includes a developing portion 12K
and a developer conveyer 13K. The developing portion 12K
includes a developing roller 9K inside thereof. The developer
conveyer 13K mixes a developing agent for black and trans-
ports the developing agent. The developer conveyer 13K
includes a first chamber equipped with a first screw 10K and
a second chamber equipped with a second screw 11K. The
first screw 10K and the second screw 11K are each constituted
of a rotatable shaft and helical flighting wrapped around the
circumferential surface of the shaft. Each end of the shaft of
the first screw 10K and the second screw 11K are rotatably
held by shaft bearings.

The first chamber with the first screw 10K and the second
chamber with the second screw 11K are separated by a wall,
but each end of the wall in the direction of the screw shaft has
a connecting hole through which the first chamber and the
second chamber are connected. The first screw 10K mixes the
developing agent by rotating the helical flighting and carries
the developing agent from the distal end to the proximal end
of'the screw in the direction perpendicular to the surface of the
recording medium. The first screw 10K and the developing
roller 9K are disposed facing and parallel to one another.
Hence, the direction of transport of the developing agent is
along the axial (shaft) direction of the developing roller 9K.
The first screw 10K supplies the developing agent to the
surface of the developing roller 9K along the direction of the
shaft line of the developing roller 9K.

The developing agent transported near the proximal end of
the first screw 10K passes through the connecting hole in the
wall near the proximal side and enters the second chamber.
Subsequently, the developing agent is carried by the helical
flighting of the second screw 11K. As the second screw 11K
rotates, the developing agent is transported from the proximal
end to the distal end in FIG. 2 while being mixed in the
direction of rotation.

In the second chamber, a toner detector for detecting a
density of toner in the developing agent is disposed at the
bottom of a casing of the chamber. As the toner detector, a
magnetic permeability detector may be employed. There is a
correlation between the toner density and the magnetic per-
meability of the developing agent consisting of a toner and a
magnetic carrier. Therefore, the magnetic permeability detec-
tor detects the density of the toner.

Although not illustrated, the image forming apparatus
includes toner supply devices to independently supply toner
of'yellow, magenta, cyan, and black to the second chamber of
the respective developing device 8. A controller of the image
forming apparatus includes a Random Access Memory
(RAM) to store a target output voltage Vtref for yellow,
magenta, cyan, and black, provided by the toner detector. If a
difference between the output voltage provided by the toner
detectors and Vtref for each color exceeds a predetermined
value, the toner supply devices are driven for a predetermined
time period corresponding to the difference. Accordingly, the
respective color of toner is supplied to the second chamber of
the developing device 8.

The developing roller 9K in the developing portion 12K
faces the first screw 10K and also the photoconductive drum
2K through an opening formed in the casing of the developing
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device 8K. The developing roller 9K comprises a developing
sleeve made of a non-magnetic pipe which is rotated, and a
magnetic roller disposed inside the developing sleeve such
that the magnetic roller is fixed to prevent the magnetic roller
from rotating together with the developing sleeve.

The developing agent supplied from the first screw 10K is
carried on the surface of the developing sleeve by the mag-
netic force of the magnetic roller. As the developing sleeve
rotates, the developing agent is transported to a developing
area facing the photoconductive drum 2K.

The developing sleeve is supplied with a developing bias
having the same polarity as toner. The developing bias is
greater than the bias of the electrostatic latent image on the
photoconductive drum 2K, but less than the charging poten-
tial of the uniformly charged portion of the photoconductive
drum 2K. With this configuration, a developing potential that
causes the toner on the developing sleeve to move electro-
statically to the electrostatic latent image on the photocon-
ductive drum 2K is formed between the developing sleeve and
the electrostatic latent image on the photoconductive drum
2K.

A non-developing potential acts between the developing
sleeve and the non-image portion of the photoconductive
drum 2K so that the toner on the developing sleeve to the
sleeve surface. Due to the developing potential and the non-
developing potential, the black toner on the developing sleeve
moves selectively to the electrostatic latent image formed on
the photoconductive drum 2K, thereby forming a visible
image, known as a toner image of black.

Similar to the image forming unit 1K, toner images of
yellow, magenta, and cyan are formed on the photoconductive
drums 2, 2M, and 2C of the image forming units 1Y, 1M, and
1C, respectively.

The optical writing unit 80 for writing a latent image on the
photoconductive drums 2 is disposed above the image form-
ing units 1Y, 1M, 1C, and 1K. Based on image information
received from an external device such as a personal computer
(PC), the optical writing unit 80 illuminates the photoconduc-
tive drums 2 with a light beam projected from a laser diode of
the optical writing unit 80. Accordingly, the electrostatic
latent images of yellow, magenta, cyan, and black are formed
on the photoconductive drums 2Y, 2M, 2C, and 2K, respec-
tively.

More specifically, the potential of the portion of the
charged surface of the photoconductive drum 2 illuminated
with the light beam is attenuated. The potential of the illumi-
nated portion of the photoconductive drum 2 is less than the
potential of the other area, that is, the background portion
(non-image portion), thereby forming the electrostatic latent
image on the photoconductive drum 2.

The optical writing unit 80 includes a polygon mirror, a
plurality of optical lenses, and mirrors. The light beam pro-
jected from the laser diode serving as a light source is
deflected in a main scanning direction by the polygon mirror
rotated by a polygon motor. The deflected light, then, strikes
the optical lenses and mirrors, thereby scanning the photo-
conductive drum 2. The optical writing unit 80 may employ a
light source using an LED array including a plurality of LEDs
that projects light.

Referring back to FIG. 1, a description is provided of the
transfer unit 30. The transfer unit 30 is disposed below the
image forming units 1Y, 1M, 1C, and 1K. The transfer unit 30
includes the intermediate transfer belt 31 serving as an image
bearing member formed into an endless loop and rotated in
the counterclockwise direction. The transfer unit 30 also
includes a driving roller 32, a secondary-transfer rear roller
33, acleaning backup roller 34, an nip forming roller 36, a belt
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cleaning device 37, an electric potential detector 38, four
primary transfer rollers 35Y, 35M, 35C, and 35K, and so
forth.

The intermediate transfer belt 31 is entrained around and
stretched taut between the driving roller 32, the secondary-
transfer rear roller 33, the cleaning backup roller 34, and the
primary transfer rollers 35Y, 35M, 35C, and 35K. (hereinafter
collectively referred to as the primary transfer rollers 35,
unless otherwise specified.) The driving roller 32 is rotated in
the counterclockwise direction by a motor or the like, and
rotation of the driving roller 32 enables the intermediate
transfer belt 31 to rotate in the same direction.

The intermediate transfer belt 31 is made of resin such as
polyimide resin in which carbon is dispersed and has a thick-
ness in a range of from 20 pm to 200 pm, preferably, approxi-
mately 60 um. The volume resistivity thereof is in a range of
from le6 Qcm to 1el2 Qcm, preferably, approximately 1e9
Qcm. The volume resistivity is measured with the applied
voltage of 100V by a high resistivity meter, Hiresta UPM-
CPHT 45 manufactured by Mitsubishi Chemical Corpora-
tion.

The intermediate transfer belt 31 is interposed between the
photoconductive drums 2 and the primary transfer rollers 35.
Accordingly, a primary transfer nip is formed between the
front surface of the intermediate transfer belt 31 and the
photoconductive drums 2. The primary transfer rollers 35 are
supplied with a primary bias by a transfer bias power source,
thereby generating a transfer electric field between the toner
images on the photoconductive drums 2 and the primary
transfer rollers 35.

The toner image Y of yellow formed on the photoconduc-
tive drum 2Y enters the primary transfer nip as the photocon-
ductive drum 2Y rotates. Subsequently, the toner image Y is
transferred from the photoconductive drum 2Y to the inter-
mediate transfer belt 31 by the transfer electrical field and the
nip pressure. As the intermediate transfer belt 31 on which the
toner image of yellow is transferred passes through the pri-
mary transfer nips of magenta, cyan, and black, the toner
images on the photoconductive drums 2M, 2C, and 2K are
superimposed on the toner image Y of yellow, thereby form-
ing a composite toner image on the intermediate transfer belt
31 in the primary transfer process.

Each of the primary transfer rollers 35 is constituted of an
elastic roller including a metal cored bar on which a conduc-
tive sponge layer is provided. The outer diameter thereof is
approximately 16 mm. The diameter of'the metal cored bar is
approximately 10 mm. A resistance of the sponge layer is
measured such that a metal roller having an outer diameter of
30 mm is pressed against the sponge layer at a load of 10 N
and a voltage of 1000V is supplied to the metal cored bar of
the primary transfer roller 35.

The resistance is obtained by Ohm’s law R=V/I, where V is
a voltage, | is a current, and R is a resistance. The obtained
resistance R of the sponge layer is approximately 3E7€2. The
primary transfer rollers 35 described above are supplied with
a primary transfer bias through a constant current control.

According to the illustrative embodiment, a roller-type
primary transfer device is used as the primary transfer roller
35. Alternatively, a transfer charger and a brush-type transfer
device may be employed as a primary transfer device.

The nip forming roller 36 of the transfer unit 30 is disposed
outside the loop formed by the intermediate transfer belt 31,
opposite the secondary-transfer rear roller 33. The interme-
diate transfer belt 31 is interposed between the secondary-
transfer rear roller 33 and the nip forming roller 36, thereby
forming a secondary transfer nip between the front surface of
intermediate transfer belt 31 and the nip forming roller 36.
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The nip forming roller 36 is grounded. The secondary-
transfer rear roller 33 is supplied with a secondary transfer
bias from a secondary transfer bias power source 39. With this
configuration, a secondary transfer electric field is formed
between the secondary-transfer rear roller 33 and the nip
forming roller 36 so that the toner of negative polarity is
transferred electrostatically from the secondary-transfer rear
roller 33 side to the nip forming roller 36 side.

The sheet cassette 100 storing a stack of recording media
sheets is disposed below the transfer unit 30. The sheet cas-
sette 100 is equipped with a sheet feed roller 100a to contact
atop sheet of the stack of recording media sheets. As the sheet
feed roller 100a is rotated at a predetermined speed, the sheet
feed roller 100a picks up the top sheet of the recording
medium P and sends it to a sheet passage.

Substantially at the end of the sheet passage, the pair of
registration rollers 101 is disposed. The pair of the registra-
tion rollers 101 stops rotating temporarily as soon as the
recording medium P is interposed therebetween. The pair of
registration rollers 101 starts to rotate again to feed the
recording medium P to the secondary transfer nip in appro-
priate timing such that the recording medium P is aligned with
the composite toner image formed on the intermediate trans-
fer belt 31 in the secondary transfer nip. In the secondary
transfer nip, the recording medium P tightly contacts the
composite toner image on the intermediate transfer belt 31,
and the composite toner image is transferred onto the record-
ing medium P by the secondary transfer electric field and the
nip pressure applied thereto. The recording medium P on
which the composite color toner image is formed passes
through the secondary transfer nip and separates from the nip
forming roller 36 and the intermediate transfer belt 31.

The secondary-transfer rear roller 33 comprises a metal
cored bar on which a conductive NBR rubber layer is pro-
vided. The outer diameter of the secondary-transfer rear roller
33 is approximately 24 mm. The diameter of the cored bar is
approximately 16 mm. The resistance R of the conductive
NBR rubber layer is in a range of from 1e6Q to 1e12Q,
preferably, approximately 4e7€2. The resistance R is mea-
sured using the same method as the primary transfer roller 35
described above.

The nip forming roller 36 comprises a metal cored bar on
which a conductive NBR rubber layer is provided. The outer
diameter of the nip forming roller 36 is approximately 24 mm.
The diameter of the metal cored bar is approximately 14 mm.
The resistance R of the conductive NBR rubber layer is equal
to or less than 1e6Q2. The resistance R is measured using the
same method as the primary transfer roller 35 described
above.

The secondary transfer bias power source 39 includes a
direct current power source and an alternating current power
source, and can output an alternating current voltage super-
imposed on a direct current voltage as the secondary transfer
bias. The output terminal of the secondary transfer bias power
source 39 is connected to the metal cored bar of the second-
ary-transfer rear roller 33. The potential of the metal cored bar
of the secondary-transfer rear roller 33 has almost the same
value as the output voltage of the secondary transfer bias
power source 39. Furthermore, the metal cored bar of the nip
forming roller 36 is grounded.

With reference to FIGS. 3A through 3C, a description is
provided of application of voltages to the secondary-transfer
rear roller 33. FIG. 3A is a schematic diagram illustrating the
secondary-transfer rear roller 33 supplied with a direct cur-
rent (DC) voltage. FIG. 3B is a schematic diagram illustrating
the secondary-transfer rear roller 33 supplied with an alter-
nating current (AC) voltage superimposed on a direct current
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(DC) voltage. FIG. 3C is a schematic diagram illustrating the
secondary-transfer rear roller 33 supplied with an alternating
current (AC) voltage.

When using a normal sheet of paper, such as the one having
relatively smooth surface, a pattern of dark and light accord-
ing to the surface condition of the sheet does not appear. Thus,
as illustrated in FIG. 3 A, the transfer bias composed only of
the direct current voltage is supplied. By contrast, when using
a sheet having a rough surface, both the direct current power
source and the alternating current power source are turned on
as illustrated in FIG. 3B. Accordingly, the alternating current
voltage superimposed on the direct current voltage is supplied
to the secondary-transfer rear roller 33.

As will be described later, when a toner pattern such as a
color gradation pattern, a line pattern group known as Chev-
ron patches, and a toner consumption pattern passes through
the secondary transfer nip, the direct current power source is
turned off as illustrated in FIG. 3C so that only the alternating
current voltage is supplied to the metal cored bar of the
secondary-transfer rear roller 33.

Information on the recording medium such as whether the
recording medium to be used is a normal sheet of paper or a
recording medium having a rough surface may be input
manually via a control panel by a user or selected from the
control panel. In other words, the control panel serves as a
sheet information detector.

According to the illustrative embodiment, the nip forming
roller 36 is grounded while the superimposed bias is supplied
to the metal cored bar of the secondary-transfer rear roller 33.
Alternatively, the secondary-transfer rear roller 33 may be
grounded while the superimposed bias is supplied to the
metal cored bar of the nip forming roller 36. In this case, the
polarity of the direct current voltage is changed.

More specifically, as illustrated in FIG. 3B, when the sec-
ondary-transfer rear roller 33 is supplied with the superim-
posed bias while the negative polarity toner is used and the nip
forming roller 36 is grounded, the direct current voltage of the
same negative polarity as the toner is used so that a time-
averaged potential of the superimposed bias is the same nega-
tive polarity as the toner. By contrast, when the secondary-
transfer rear roller 33 is grounded and the nip forming roller
36 is supplied with the superimposed bias, the direct current
voltage of positive polarity, opposite the polarity of toner, is
used so that the time-averaged potential of the superimposed
bias is positive polarity opposite the polarity of toner.

Instead of supplying the superimposed bias to the second-
ary-transfer rear roller 33 and the nip forming roller 36, the
direct current voltage may be supplied to one of the rollers,
and the alternating current voltage may be supplied to the
other roller.

Here, a sine wave alternating current voltage is used. Alter-
natively, a rectangular wave alternating current voltage may
be used.

After the intermediate transfer belt 31 passes through the
secondary transfer nip, residual toner not having been trans-
ferred onto the recording medium remains on the intermedi-
ate transfer belt 31. The residual toner is removed from the
intermediate transfer belt 31 by the belt cleaning device 37
which contacts the surface of the intermediate transfer belt
31.

The cleaning backup roller 34 disposed inside the loop
formed by the intermediate transfer belt 31 supports the
cleaning operation by the belt cleaning device 37 from inside
the loop of the intermediate transfer belt 31 so that the
residual toner on the intermediate transfer belt 31 is removed
reliably.
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The electric potential detector 38 is disposed outside the
loop formed by the intermediate transfer belt 31, opposite the
driving roller 32 which is grounded. More specifically, the
electric potential detector 38 faces a portion of the interme-
diate transfer belt 31 wound around the driving roller 32 with
a gap of approximately 4 mm. The surface potential of a toner
image primarily transferred onto the intermediate transfer
belt 31 is measured when the toner image comes to the posi-
tion opposite the electric potential detector 38. As the electric
potential detector 38, a surface potential sensor EFS-22D
manufactured by TDK Corp. is used.

On the right side of the secondary transfer nip formed
between the secondary-transfer rear roller 33 and the inter-
mediate transfer belt 31, the fixing device 90 is disposed. The
fixing device 90 includes a fixing roller 91 and a pressing
roller 92. The fixing roller 91 includes a heat source such as a
halogen lamp inside thereof. While rotating, the pressing
roller 92 pressingly contacts the fixing roller 91, thereby
forming a heated area called a fixing nip therebetween.

The recording medium P bearing an unfixed toner image on
the surface thereof is conveyed to the fixing device 90 and
interposed between the fixing roller 91 and the pressing roller
92 in the fixing device 90. Under heat and pressure in the
fixing nip, the toner adhered to the toner image is softened and
fixed to the recording medium P. Subsequently, the recording
medium P is discharged outside the image forming apparatus
from the fixing device 90 along a sheet passage after fixing.

In a case of monochrome imaging, a support plate support-
ing the primary transfer rollers 35Y, 35M, and 35C of the
transfer unit 30 is moved to separate the primary transfer
rollers 35Y, 35M, and 35C from the photoconductive drums
2Y, 2M, and 2C. Accordingly, the front surface of the inter-
mediate transfer belt 31, that is, the image bearing surface, is
separated from the photoconductive drums 2Y, 2M, and 2C,
so that the intermediate transfer belt 31 contacts only the
photoconductive drum 2K. In this state, the image forming
unit 1K is activated to form a toner image of black on the
photoconductive drum 2K.

With reference to FIG. 4, a description is provided of the
secondary transfer bias. FIG. 4 is a waveform chart showing
a waveform of the secondary bias, which is a superimposed
bias, output from the secondary transfer bias power source 39.
As described above, the secondary transfer bias is supplied to
the metal cored bar of the secondary-transfer rear roller 33.
The secondary transfer bias power source 39 serves as a
transfer bias applicator that supplies a transfer bias.

When the secondary transfer bias is supplied to the metal
cored bar of the secondary-transfer rear roller 33, a potential
difference is generated between the metal cored bar of the
secondary-transfer rear roller 33 and the metal cored bar of
the nip forming roller 36. In other words, the secondary
transfer bias power source 39 serves also as a potential dif-
ference generator. In general, a potential difference is treated
as an absolute value. However, according to the illustrative
embodiment, the potential difference is treated as a value with
polarity. More specifically, a value obtained by subtracting a
potential of the metal cored bar of the nip forming roller 36
from a potential of the metal cored bar of the secondary-
transfer rear roller 33 is considered as the potential difference.

When using the toner of negative polarity, if the time aver-
aged value of the potential difference becomes negative, the
potential of the nip forming roller 36 becomes greater than the
potential of the secondary-transfer rear roller 33 on the oppo-
site polarity side to the polarity of charged toner (the positive
side in the present embodiment). Accordingly, the toner is
electrostatically moved from the secondary-transfer rear
roller side to the nip forming roller side.
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In FIG. 4, an offset voltage Voff is a value of the direct
current component of the secondary transfer bias. A peak-to-
peak voltage Vpp is an alternating current component of the
peak-to-peak voltage of the secondary transfer bias. Accord-
ing to the illustrative embodiment, the secondary transfer bias
includes the superimposed voltage of the offset voltage Voff
and the peak-to-peak voltage Vpp as described above. Thus,
the time-averaged value of the superimposed voltage coin-
cides with the value of offset voltage Voff.

As described above, according to the illustrative embodi-
ment, the secondary transfer bias is supplied to the metal
cored bar of the secondary-transfer rear roller 33 while the
metal cored bar of the nip forming roller 36 is connected
ground (0V). Thus, the potential of the metal cored bar of the
secondary-transfer rear roller 33 becomes the potential dif-
ference between the potentials of the metal cored bar of the
secondary-transfer rear roller and the metal cored bar of the
nip forming roller. The potential difference between the
potentials of the metal cored bar of the secondary-transfer
rear roller and the metal cored bar of the nip forming roller
includes a direct current component (Eoff) having the same
value as the offset voltage Voff and an alternating current
component (Epp) having the same value as the peak-to-peak
voltage (Vpp).

According to the illustrative embodiment, as illustrated in
FIG. 4, a negative voltage is used as the offset voltage Voff.
When the polarity of the offset voltage Voff of the secondary
transfer bias supplied to the secondary-transfer rear roller 33
is negative, the toner of negative polarity can be relatively
forced from the secondary-transfer rear roller side 33 to the
nip forming roller 36 side. If the polarity of the secondary
transfer bias is negative so is the polarity of the toner, the toner
of negative polarity is forced electrostatically from the sec-
ondary-transfer rear roller side 33 to the nip forming roller 36
side in the secondary transfer nip. Accordingly, the toner on
the intermediate transfer belt 31 is transferred onto the
recording medium P.

By contrast, if the polarity of the secondary transfer bias is
opposite to the polarity of toner, that is, the polarity of the
secondary transfer bias is positive, the toner of negative polar-
ity is drawn electrostatically to the secondary-transfer rear
roller 33 side from the nip forming roller 36 side. Conse-
quently, the toner transferred to the recording medium P is
drawn again to the intermediate transfer belt 31.

Itis to be noted that because the time-averaged value of the
secondary transfer bias (the same value as the offset voltage
Voft in the present embodiment) is of negative polarity, rela-
tively, the toner is forced electrostatically from the secondary-
transfer rear roller 33 side to the nip forming roller 36 side. In
FIG. 4, a return peak potential Vr represents a positive peak
value having the opposite polarity to that of the toner.

According to the illustrative embodiment, the secondary
transfer bias is set to satisfy “VaxVpp>IVoffl” as the potential
difference between the potentials of the metal cored bar of the
secondary-transfer rear roller 33 and the nip forming roller
36. With this configuration, a sufficient density of toner is
obtained at recessed portions on the surface of the recording
medium, and hence the light-and-dark pattern according to
the surface roughness is prevented from appearing.

According to the illustrative embodiment, the electric
potential detector 38 measures a potential Vtoner of the com-
posite toner image transferred on the intermediate transfer
belt 31. Based on the result, the controller of the image form-
ing apparatus obtains a potential difference that satisfies “V/ax
Vpp>IVoffl” and greater than the potential of toner image
Vtoner on the opposite polarity side to the polarity of the
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charged toner. Accordingly, the secondary transfer bias (su-
perimposed bias) having the obtained result is output.

With reference to FIG. 5, a description is provided of
optimization of image density. FIG. 5 is a schematic diagram
illustrating gradation patterns and optical detectors 151.
According to the illustrative embodiment, upon application
of power or at every predetermined printing operation, the
image forming apparatus may be subjected to image density
control to optimize the density of each color.

The image density control includes forming the gradation
patterns Sk, Sm, Sc, and Sy, one for each of the colors black,
magenta, cyan, and yellow, respectively, on the intermediate
transfer belt 31. The gradation patterns are formed opposite
the optical detectors 151K, 151M, 151C, and 151Y (herein-
after collectively referred to as optical detectors 151) which
detect the toner images. Each gradation pattern comprises ten
toner patches each having a different image density and an
area of 2 cmx2 cm.

When forming the gradation patterns Sk, Sm, Sc, and Sy,
the surface potentials of the photoconductive drums 2K, 2M,
2C, and 2Y are gradually increased, in contrast to the normal
printing process in which the surface potentials are kept con-
stant. More specifically, multiple electrostatic latent image
patches are formed on the photoconductive drums 2Y, 2M,
2C, and 2K by laser light scanning and then developed into
toner patches by the developing devices 8. When developing
the electrostatic latent image patches into toner patches, the
developing bias applied to the developing rollers is gradually
increased. As a result, gradation patterns of yellow, magenta,
cyan, and black are formed on the respective photoconductive
drums 2Y, 2M, 2C, and 2K.

The gradation patterns are then primarily transferred onto
the intermediate transfer belt 31 at predetermined intervals in
the main scanning direction. Each toner patch includes the
toner in an amount of 0.1 mg/cm? to 0.55 mg/cm> When a
toner Q/d distribution is measured, toner particles in each
toner patch substantially have normal polarity.

The gradation patterns Sk, Sm, Sc, and Sy formed on the
intermediate transfer belt 31 pass the positions facing the
respective optical detectors 151 as the intermediate transfer
belt 31 endlessly moves. The optical detectors 151 receive
light in an amount corresponding to the toner amount per unit
area in each toner patch.

Subsequently, the toner amount in each toner patch is cal-
culated from the output voltage from the optical detectors 151
and a conversion algorithm when the optical detectors 151
detect the toner patch. Imaging conditions are adjusted based
on the calculated toner amounts. More specifically, the toner
amounts in toner patches detected by the optical detectors 151
and the developing potentials at developing the toner patches
are compiled and subjected to a linear regression analysis to
define a function (y=ax+b). The optimum developing bias for
each color is obtained by substituting a desired image density
into the function.

The memory of the image forming apparatus stores an
imaging condition data table correlating several tens of devel-
oping bias values with their optimum charge potentials of the
photoconductive drums. Each ofthe processing units 1Y, 1M,
1C, and 1K selects a developing bias value closest to the target
developing bias from the imaging condition data table to
determine the optimum charge potential of each photocon-
ductive drum.

According to the illustrative embodiment, upon applica-
tion of power or every predetermined printing operation, the
image forming apparatus is subjected to correction of color
deviation. In the color deviation correction, a color deviation
detecting image, i.e., a Chevron patch as illustrated in FIG. 6,
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is formed on both ends of the intermediate transfer belt 31 in
the width direction. The Chevron patch is comprised of linear
toner images of yellow, magenta, cyan, and black, each
slanted approximately 45° relative to the main scanning
direction and arranged at predetermined intervals in the direc-
tion of movement of the intermediate transfer belt 31 (i.e., the
sub-scanning direction). The Chevron patch includes toner in
an amount of approximately 0.3 mg/cm?.

Upon detection of the toner images in the Chevron patches
on both ends of the intermediate transfer belt 31 in the width
direction, the position in the main scanning direction (i.e., the
axial direction of the photoconductive drum), the position in
the sub-scanning direction (i.e., the direction of movement of
the intermediate transfer belt 31), the magnification error in
the main scanning direction, and the skew from the main
scanning direction are detected with respect to each of the
toner images.

The main scanning direction coincides with a direction in
which a light beam changes its phase on the photoreceptor
upon reflection by a polygon mirror. Detection time differ-
ences tky, tkm, and tkc between detection of the black toner
image and detection of the yellow, magenta, and cyan toner
images, respectively, in the Chevron patch, are determined
from the optical detectors 151. In FIG. 6, the main scanning
direction coincides with the vertical direction. In the Chevron
patch, a set of toner images of yellow, magenta, cyan, and
black arranged in this order from the left and another set of
toner images of black, cyan, magenta, and yellow aligned in
this order from the left, slanted 90° from the former set of
toner images, are arranged side by side.

An amount of deviation in the sub-scanning direction, i.e.,
an amount of registration deviation, with respect to each of
the toner images is obtained based on the differences between
the actual and theoretical values of the detection time differ-
ences tky, tkm, and tke relative to the detection time for the
black toner image. Based on the amount of registration devia-
tion, the timing for optically writing an image on the photo-
conductive drum 2 is adjusted with respect to every other face
of'the polygon mirrors, that is, per scanning line pitch, so that
registration deviation is suppressed. The skew from the main
scanning direction with respect to each of the toner images is
determined based on the difference in the deviation amount in
the sub-scanning direction between both ends of the interme-
diate transfer belt 31. Optical face tangle error correction is
performed based on the measured skew to reduce skew devia-
tion.

In summary, in the color deviation correction, the timings
of optical writing and optical face tangle error are corrected
based on the detection times of the toner images in the Chev-
ron patch, so that registration and skew deviations are sup-
pressed. With this configuration, even when the positions on
the intermediate transfer belt 31 at which toner images are
formed change over time due to changes in the temperature,
color deviation is reduced, if not prevented entirely, by the
above-described color deviation correction.

When an image with a low image area ratio is continuously
produced, spent toner particles are gradually increased and
accumulated in the developing devices 8. Such spent toner
particles have poor chargeability. This leads to developing
and transfer failures. To solve this problem, the printer can
execute a refresh mode in which spent toner particles are
forcibly discharged from the developing devices 8 to non-
image areas on the photoconductive drum 2 at certain inter-
vals and fresh toner particles are supplied to the developing
devices 8.

The controller stores data regarding consumption of toner
and operation time in the developing devices 8. Thus, the
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controller checks at a predetermined timing whether toner
consumption within a predetermined operation time period is
subthreshold or not in each of the developing devices 8, and
then executes the refresh mode only in the developing device
in which the toner consumption is subthreshold.

In the refresh mode, a toner consuming pattern is formed
on the non-image area, corresponding to the area between
successive sheets, on each of the photoconductive drums 2,
according to the toner consumption per unit operation time.
The toner consuming patterns of each color are transferred
onto the intermediate transfer belt 31. The amount of toner in
the toner consuming pattern is determined based on the toner
consumption in a certain operation time period of the devel-
oping device 8. The maximum amount of toner per unit area
may be approximately 1.0 mg/cm®. When measuring the
toner Q/d distribution of the toner consuming pattern having
been transferred onto the intermediate transfer belt 31, toner
particles substantially have normal polarity.

The gradation patterns, the Chevron patches, and the toner
consuming patterns on the intermediate transfer belt 31 that
are not transferred are also collected by the belt cleaning
device 37. The belt cleaning device 37 may need to remove a
large amount of toner from the intermediate transfer belt 31.
However, the cleaning device using a cleaning blade may not
adequately remove the gradation patterns, the Chevron
patches, and the toner consuming patterns on the intermediate
transfer belt 31 at once. In such a case, the toner remaining on
the intermediate transfer belt 31 is transferred undesirably
onto a recording medium in the subsequent printing opera-
tion. As a result, the output image contains an undesirable
image.

To counteract such a problem, according to an illustrative
embodiment, as the toner pattern passes through the second-
ary transfer nip, the power source for the direct current volt-
age is turned off as illustrated in FIG. 3C so that the charge
eliminating bias composed only of the alternating current
voltage is supplied to the secondary-transfer rear roller 33.

With reference to FIG. 7, a description is provided of
removal of toner patterns from the intermediate transfer belt
31. FIG. 7 is a chart showing a voltage supplied to the sec-
ondary-transfer rear roller 33 when a toner pattern T passes
through the secondary transfer nip, and a voltage supplied to
the secondary-transfer rear roller 33 when an image G to be
transferred to the recording medium P passes through the
secondary transfer nip.

Asillustrated in FIG. 7, as the toner pattern T formed at the
non-image area (between successive sheets) on the interme-
diate transfer belt 31 passes through the secondary transfer
nip, the power source for the direct current voltage is turned
off so that the charge eliminating bias composed only of the
alternating current voltage is supplied to the secondary-trans-
fer rear roller 33. With this configuration, the charge of the
toner in the toner pattern T charged at a certain voltage is
reduced to almost OV. As a result, the toner in the toner pattern
is prevented from adhering electrostatically to the intermedi-
ate transfer belt 31, thereby facilitating removal of the toner
pattern from the intermediate transfer belt 31 using the clean-
ing blade of the belt cleaning device 37.

When the image to be transferred onto the recording
medium passes through the secondary transfer nip, the trans-
fer bias including the alternating current voltage superim-
posed on the direct current voltage that satisfies “Vax
Vpp>IVoifl” is supplied to the secondary-transfer rear roller
33.

The peak-to-peak voltage of the alternating current voltage
of the charge eliminating bias may be greater than the peak-
to-peak voltage of the alternating current voltage of the trans-
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fer bias. With this configuration, the charge of the toner in the
toner pattern is reliably removed at the secondary transfer nip.

With reference to FIG. 8, a description is provided of a
cleaning device for cleaning the nip forming roller 36. F1G. 8
is an enlarged diagram schematically illustrating a cleaning
blade 41 serving as the cleaning device to remove paper dust
and toner from the nip forming roller 36.

When provided with the cleaning blade 41, a charge elimi-
nating bias that can transfer a portion of toner in the toner
pattern to the nip forming roller 36 may be supplied to the
secondary-transfer rear roller 33. More specifically, the
charge eliminating bias in which the alternating current volt-
age and the direct current voltage are superimposed is sup-
plied. The direct current voltage is smaller than the direct
current component of the secondary transfer bias. Accord-
ingly, the toner in the toner pattern is transferred to the nip
forming roller 36 by the superimposed direct current voltage.

Since the value of the direct current voltage is less than the
direct current voltage of the secondary transfer bias, not all
toner in the toner pattern is transferred to the secondary-
transfer rear roller, but a portion of the toner is transferred to
the nip forming roller 36. Thus, the amount of toner to be
removed by the belt cleaning device 37 can be reduced so that
the belt cleaning device 37 can reliably remove the toner
pattern. The toner transferred to the nip forming roller 36 is
removed by the cleaning blade 41.

In a case in which the toner pattern is not formed at the
non-image area (i.e. between successive sheets), both power
sources for the alternating current voltage and the direct cur-
rent voltage are turned off so that no bias is supplied to the
secondary-transfer rear roller 33. Alternatively, the secondary
transfer bias may be supplied to the secondary-transfer rear
roller 33.

The foregoing descriptions relate to the secondary transfer
nip defined by the intermediate transfer belt 31 contacting the
nip forming roller 36. Alternatively, the secondary transfer
nip may be formed by the intermediate transfer belt 31 con-
tacting another belt formed into an endless loop. In this case,
a pressing roller is disposed inside the looped belt to press
against the metal cored bar of the secondary-transfer rear
roller 33 disposed inside the looped intermediate transfer belt
31. The secondary transfer bias and the charge eliminating
bias are supplied to the nip.

The present invention relates to the transfer nip at which the
intermediate transfer belt 31 serving as an image bearing
member contacts the nip forming roller 36. Furthermore, the
present invention may relate to a transfer nip with the follow-
ing configuration. For example, a contact member contacts a
rear surface of a belt-type photoconductor serving as an
image bearing member so as to press the photoconductor
against a nip forming member disposed opposite the contact
member, thereby forming a transfer nip.

Furthermore, the present invention can be applied to an
image forming apparatus such as shown in F1IG. 9. FIG. 9is a
schematic diagram illustrating another example of an image
forming apparatus in which the present invention can be
implemented. The image forming apparatus illustrated in
FIG. 9 is a printer and includes one photoconductive drum 2
surrounded by the charging device 6, the drum cleaner 3, the
developing devices 8Y, 8C, 8M, and 8K, and the transfer unit
30.

When forming an image, the surface of the photoconduc-
tive drum 2 is charged uniformly by the charging device 6.
Subsequently, the surface of the photoconductive drum 2 is
illuminated with a modulated light beam based on image data
associated with the color yellow. An electrostatic latent image
for yellow is formed on the surface of the photoconductive
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drum 2. Subsequently, the electrostatic latent image is devel-
oped into a toner image of yellow with toner by the develop-
ing device 8Y and transferred primarily onto the intermediate
transfer belt 31.

After transfer, there may be some toner left on the surface
of the photoconductive drum 2. Such residual toner is
removed from the photoconductive drum 2 by the drum
cleaner 3. After cleaning, the photoconductive drum 2 is
charged uniformly again by the charging device 6 in prepa-
ration for the subsequent imaging cycle. Next, the surface of
the photoconductive drum 2 is illuminated with a modulated
light beam based on image data for magenta to form an
electrostatic latent image of magenta on the surface thereof.
The developing device 8M develops the electrostatic latent
image with toner of magenta, forming a toner image of
magenta. The toner image of magenta is transferred on top of
the toner image of yellow.

Similar to the toner images of yellow and magenta, elec-
trostatic latent images of cyan and black are formed and
developed into toner images of cyan and black on the respec-
tive photoconductive drums 2. The toner images of cyan and
black are transferred onto the intermediate transfer belt 31 so
that they are superimposed one atop the other over the toner
image of magenta on the toner image of yellow. Accordingly,
a composite color toner image is formed on the intermediate
transfer belt 31.

Subsequently, the composite toner image on the interme-
diate transfer belt 31 is transferred onto the recording medium
in the secondary transfer nip and fixed by the fixing device 90.
After fixing the composite toner image, the recording
medium is discharged outside the image forming apparatus.

The image forming apparatus of the present embodiment
may include the secondary transfer power source 39.

With reference to FIG. 10, a description is provided of an
image forming apparatus according to another illustrative
embodiment of the present invention. Unless otherwise speci-
fied, the same reference numerals are given to constituent
elements such as parts and materials having the same func-
tions as the foregoing embodiments, and redundant descrip-
tions thereof omitted.

FIG. 10 is a schematic diagram illustrating a printer as an
example of an image forming apparatus according to another
illustrative embodiment of the present invention. According
to the present embodiment, a sheet transport belt 121 formed
into an endless loop contacts the photoconductive drums 2Y,
2C, 2M, and 2K, thereby forming transfer nips therebetween.
The sheet transport belt 121 rotates while carrying the record-
ing medium on the surface thereof to pass through the transfer
nips. When the recording medium passes through the transfer
nips, the toner images of yellow, magenta, cyan, and black on
the photoconductive drums 2Y, 2C, 2M, and 2K, respectively,
are transferred onto the recording medium such that they are
superimposed one atop the other. Accordingly, a composite
color toner image is formed on the recording medium.

The image forming units 1Y, 1M, 1C, and 1K include
electric potential detectors 19Y, 19C, 19M, and 19K, each
facing a respective one of the plurality ofthe photoconductive
drums 2Y, 2C, 2M, and 2K, to detect potentials of the elec-
trostatic latent images formed on the photoconductive drums
2Y, 2C,2M, and 2K. A surface potential sensor EFS-22D
manufactured by TDK Corp. is used as the electric potential
detectors 19Y, 19C, 19M, and 19K. The electric potential
detectors 19Y, 19C, 19M, and 19K each face the respective
one of the photoconductive drums 2Y, 2C, 2M, and 2K with a
gap, approximately 4 mm.

Transfer rollers 25Y, 25C, 25M, and 25K are disposed
inside the loop formed by the sheet transport belt 121 and
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pressingly contact the rear surface the sheet transport belt 121
against the photoconductive drums 2Y, 2C, 2M, and 2K.
According to the present embodiment, the charging devices
6Y, 6C, 6M, and 6K, the optical writing unit, and the transfer
rollers 25Y, 25C, 25M, and 25K constitute a potential differ-
ence generator. The charging devices 6 charge the photocon-
ductive drums 2.

After charging the photoconductive drums 2, the optical
writing unit optically writes an image on the photoconductive
drums 2, thereby forming electrostatic latent images on the
photoconductive drums 2. The potential difference generator
generates a potential difference including a direct current
component and an alternating current component between the
electrostatic latent images on the photoconductive drums 2
and the metal cored bar of the transfer rollers 25 serving as
pressing members.

In the present embodiment, the sheet transport belt 121
contacts the photoconductive drums 2Y, 2C, 2M, and 2K.
Alternatively, the transfer rollers 25Y, 25C 25M, and 25K
may contact directly the photoconductive drums 2Y, 2M, 2C,
and 2K, respectively, to form primary transfer nips therebe-
tween. In this case, each of the transfer rollers 25Y, 25C, 25M,
and 25K serve as the nip forming member.

Transfer bias power sources 81Y, 81C, 81M, and 81K
supply a transfer bias to the transfer rollers 25Y, 25C, 25M,
and 25K so that a potential difference is generated between
the electrostatic latent images on the photoconductive drums
2Y, 2C, 2M, and 2K, and the metal cored bars of the transfer
rollers 25Y, 25C, 25M, and 25K. More specifically, the trans-
fer bias output from the transfer bias power sources 81Y, 81C,
81M, and 81K satisfies the relation “V4xVppl|Voffl”, wherein
Vpp represents the alternating current component of the
peak-to-peak voltage and Votf represents the time-averaged
value of the potential difference while the potential of the
metal cored bars of the transfer rollers 25Y, 25M, 25C, and
25K is greater than the potential of the electrostatic latent
images of the photoconductive drums 2Y, 2C, 2M, and 2K on
the opposite polarity side to the polarity of charged toner.

The controller of the image forming apparatus measures
the potential of the latent image at specific times, such as after
the power is turned on, during stand-by, and when continuous
printing is temporally stopped. More specifically, in the latent
image potential measuring process, first, patch-shaped elec-
trostatic latent images having a size of 1 cmx1 cm are formed
on the photoconductive drums 2Y, 2C, 2M, and 2K, and the
potentials of the patch-shaped electrostatic latent images are
detected by the potential detectors 19Y, 19C, 19M, and 19K.
Then, the detection results are stored in a data storage unit
such as a RAM.

Based on the potentials of the patch-shaped electrostatic
latent images on the photoconductive drums 2Y, 2C, 2M, and
2K provided by the controller, the transfer bias power sources
81Y, 81C, 81M, and 81K calculate the potential differences
that satisty the relation “Y4xVpp|Voft]”, and make the poten-
tials of the metal cored bars of the transfer rollers greater on
the opposite polarity side to the charged polarity of the toner
than the potentials of the patch-shaped electrostatic latent
images. Subsequently, the transfer bias power sources 81Y,
81C, 81M, and 81K output transfer biases (superimposed
biases) that satisfy the calculation results.

Similar to the foregoing embodiments, the controller
checks at a predetermined timing whether toner consumption
within a predetermined operation time period is subthreshold
or not in each of the developing devices 8Y, 8C, 8M, and 8K,
and then executes the refresh mode only in the developing
device in which the toner consumption is subthreshold.



US 9,075,383 B2

19

Subsequently, the toner consumption patterns are formed
onthe photoconductive drums 2 as toner patterns. As the toner
consumption patterns pass through the transfer nips, the
charge eliminating bias described above is supplied to
remove the charge from the toner in the toner consumption
patterns. With this configuration, the electrostatic adhesive
force of the toner adhering to the photoconductive drums 2 is
reduced, thereby facilitating removal of the toner consump-
tion patterns from the photoconductive drums 2 using clean-
ing blades of drum cleaners 3Y, 3C, 3M, and 3K.

According to the illustrative embodiments, as the toner
pattern passes through the secondary transfer nip, the second-
ary transfer bias power source 39 supplies the charge elimi-
nating bias to the secondary-transfer rear roller 33 to remove
charge from the toner in the toner pattern. As a result, the
adhesive force of the toner adhering electrostatically to the
intermediate transfer belt 31 is reduced, thereby removing
reliably toner on the intermediate transfer belt 31 by the belt
cleaning device 37.

As described above, because the charge eliminating bias is
composed only of an alternating current component, the
charge of the toner in the toner pattern is reduced to substan-
tially OV.

When equipped with the secondary transfer cleaning blade
41 serving as the cleaning device for cleaning the nip forming
roller 36, the charge eliminating bias may be composed of a
superimposed voltage in which an alternating current voltage
and the direct current voltage are superimposed and the direct
current voltage is less than the direct current voltage of the
secondary transfer bias. With this configuration, the charge of
the toner in the toner pattern can be reduced by the alternating
current voltage while transferring a portion of the toner in the
toner pattern to the nip forming roller 36 which is then
cleaned by the secondary transfer cleaning blade 41. Thus, the
amount of toner to be removed by the belt cleaning device 37
can be reduced, thereby reliably removing the toner pattern
by the cleaning device 37.

Furthermore, the peak-to-peak voltage of the alternating
current component of the charge eliminating bias is greater
than the peak-to-peak voltage of the alternating current com-
ponent of the transfer bias so that the charge of the toner can
be reduced more effectively.

The secondary transfer bias power source 39 supplies a
secondary transfer bias in which the peak-to-peak voltage of
the alternating current component is 4 times greater than an
absolute value of the voltage of the direct current component.
With this configuration, a sufficient amount of toner is trans-
ferred to recessed portions of the surface of the recording
medium, and hence the light-and-dark pattern according to
the surface roughness is prevented from appearing.

According to an aspect of this disclosure, the present inven-
tion is employed in the image forming apparatus. The image
forming apparatus includes, but is not limited to, an electro-
photographic image forming apparatus, a copier, a printer, a
facsimile machine, and a multi-functional system.

Furthermore, it is to be understood that elements and/or
features of different illustrative embodiments may be com-
bined with each other and/or substituted for each other within
the scope of'this disclosure and appended claims. In addition,
the number of constituent elements, locations, shapes and so
forth of the constituent elements are not limited to any of the
structure for performing the methodology illustrated in the
drawings.

Example embodiments being thus described, it will be
obvious that the same may be varied in many ways. Such
exemplary variations are not to be regarded as a departure
from the scope of the present invention, and all such modifi-
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cations as would be obvious to one skilled in the art are
intended to be included within the scope of the following
claims.

What is claimed is:

1. An image forming apparatus, comprising:

an image bearing member to bear a toner image and a toner

pattern comprising toner not to be transferred onto a
sheet;

a nip-forming member to form a transfer nip between the

image bearing member and the nip-forming member;

a cleaning device to remove toner remaining on the image

bearing member; and

apower source to output a first bias in which an alternating

current component and a direct current component are
superimposed to transfer the toner image onto the sheet
at the transfer nip, the power source outputting a second
bias composed only of an alternating current component
when the toner pattern passes through the transfer nip.

2. The image forming apparatus according to claim 1,
further comprising a photoconductive drum on which the
toner image and the toner pattern are formed, wherein the
image bearing member is an intermediate transfer belt on
which the toner image and the toner pattern are transferred
from the photoconductive drum.

3. The image forming apparatus according to claim 1,
wherein the nip-forming member is a roller.

4. The image forming apparatus according to claim 1,
wherein the image bearing member is a photoconductive
drum on which the toner image and the toner pattern are
formed.

5. The image forming apparatus according to claim 1,
wherein the nip-forming member is a sheet transport belt.

6. The image forming apparatus according to claim 1,
wherein the cleaning device includes a cleaning blade.

7. The image forming apparatus according to claim 1,
further comprising a second cleaning blade to remove toner
remaining on the nip-forming member.

8. The image forming apparatus according to claim 1,
wherein the image bearing member bears the toner pattern,
which includes a plurality of toner patches, each having a
different image density.

9. The image forming apparatus according to claim 1,
wherein the image bearing member bears the toner pattern,
which includes a patch for correction of color deviation.

10. The image forming apparatus according to claim 1,
wherein the image bearing member bears the toner pattern,
which includes a toner consuming pattern.

11. An image forming apparatus, comprising:

an image bearing member to bear a toner image and a toner

pattern comprising toner not to be transferred onto a
sheet;

a nip-forming member to form a transfer nip between the

image bearing member and the nip-forming member;

a cleaning device to remove toner remaining on the image

bearing member; and

apower source to output a first superimposed bias in which

an alternating current component and a first direct cur-
rent component are superimposed to transfer the toner
image onto the sheet at the transfer nip, the power source
outputting a second superimposed bias in which an alter-
nating current component and a second direct current
component are superimposed when the toner pattern
passes through the transfer nip,

wherein the second direct current component is smaller

than the first direct current component.

12. The image forming apparatus according to claim 11,
further comprising a photoconductive drum on which the
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toner image and the toner pattern are formed, wherein the
image bearing member is an intermediate transfer belt on
which the toner image and the toner pattern are transferred
from the photoconductive drum.

13. The image forming apparatus according to claim 11,
wherein the nip-forming member is a roller.

14. The image forming apparatus according to claim 11,
wherein the image bearing member is a photoconductive
drum on which the toner image and the toner pattern are
formed.

15. The image forming apparatus according to claim 11,
wherein the nip-forming member is a sheet transport belt.

16. The image forming apparatus according to claim 11,
wherein the cleaning device includes a cleaning blade.

17. The image forming apparatus according to claim 11,
further comprising a second cleaning blade to remove toner
remaining on the nip-forming member.

18. The image forming apparatus according to claim 11,
wherein the image bearing member bears the toner pattern,
which includes a plurality of toner patches each having a
different image density.

19. The image forming apparatus according to claim 11,
wherein the image bearing member bears the toner pattern,
which includes a patch for correction of color deviation.

20. The image forming apparatus according to claim 11,
wherein the image bearing member bears the toner pattern,
which includes a toner consuming pattern.
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21. The image forming apparatus according to claim 11,
wherein the first direct current component of the first super-
imposed bias has a same polarity as the second direct current
component of the second superimposed bias.

22. The image forming apparatus according to claim 2,
wherein the first bias and the second bias are output continu-
ously by the power source.

23. The image forming apparatus according to claim 22,
wherein the power source outputs the second bias when the
toner pattern formed at an area between successive sheets
passes through the transfer nip.

24. The image forming apparatus according to claim 2,
wherein a peak-to-peak voltage of the second bias is greater
than that of the first bias.

25. The image forming apparatus according to claim 11,
wherein the first superimposed bias and the second superim-
posed bias are output continuously by the power source.

26. The image forming apparatus according to claim 25,
wherein the power source outputs the second superimposed
bias when the toner pattern formed at an area between suc-
cessive sheets passes through the transfer nip.

27. The image forming apparatus according to claim 11,
wherein a peak-to-peak voltage of the second superimposed
bias is greater than that of the first superimposed bias.
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